cide DCMU (3-(3,4-dichlorophenyl)-1,1-dimethylurea) [18] . On the other hands, pachypodol inhibited the water-splitting enzyme activity [19] .
Several reports about the chemical profile of the plants studied in this work revealed, for example, the presence of monoterpenes, sesquiterpenes, triterpenes and flavonoids in Pluchea genus [20] . Twelve eudesmane sesquiterpenes were isolated from Pluchea sagittalis [21] . Flavonoids as 3',4',5,7-tetrahydroxy-3,6,8-trimethoxy flavone, 3',5,7-trihydroxy-3,4',6-trimethoxy flavone, and 3',4',5-trihydroxy-3,6,7-trimethoxy also were isolated and identified [22] . The analgesic and anti-inflammatory activity of Pluchea sagittalis leaves is attributed to the presence of terpenic substances: stigmasterol, β-amyrin, taraxasterol and pseudo-taraxasterol [23] . The most commonly described substances in Cecropia genus are terpenoids, steroids [24] [25] and phenolic compounds, such as proanthocyanidins and flavonoids [26] [27] . From the dichloromethane extract of Cecropia palmata leaves were isolated escoparone and ursolic acid [28] , as well as pomolic acid, α-amyrin, β-amyrin and derivatives of stigmasterol [29] . Plants of Brachiaria genus have presented inhibition effects on the growth of some plants species [30] . Moreover, the extracts from shoots of B. brizantha inhibited the seed germination of Stylosanthes species [31] and seedling growth of cress, lettuce, Phleum pratense and Lolium multiflorum [32] . Allelopathic substances were isolated from Brachiaria brizantha, (6R,9S)-3-oxo-α-ionol, (6R,9R)-3-oxo-α-ionol, 4-ketopinoresinol [32] , friedelin and friedelanol [33] .
Based on these contexts, we can suggest that the photosynthetic system is an excellent target for the discovery of new compounds since the photosynthesis inhibition is fatal for the invasive plant and therefore is the principal focus of the actual study guided by the analytical methods for a rapid purification of the specialized metabolites.
Experimental Part

Extracts Preparation, Tested Material, Chloroplasts Isolation and Chlorophyll Determination
Roots and leaves of Pluchea sagittalis, and leaves of Cecropia palmata and Brachiaria brizantha ( Table 1) were harvested at Mina do Sossego/Canaã dos Carajás (Pará state, Brazil). The crude extracts were obtained from the plant material by automatic method using Dionex ASE 350 extractor in the following solvents in order of polarity, hexane (500 mL), ethyl acetate (500 mL) and methanol (500 mL). The solvents were eliminated under reduced pressure by using rotary evaporator R-300 (Büchi) to obtain twelve extracts ( Table 1) . Stock solutions for all extracts were prepared using a DMSO (dimethyl sulfoxide; the maximum concentration of solvent mixture in the media was less than 1%). Intact chloroplasts were isolated from spinach leaves (Spinacea oleracea L.) obtained from a local market as previously described [34] [35] . Chloroplasts were suspended in the following medium: 400 mM sucrose, 5 mM 
Chlorophyll a Fluorescence Determination
Chlorophyll a fluorescence was measured with a Hansatech Fluorescence Handy PEA (plant efficiency analyzer) in 10 min dark-adapted chloroplasts (20 μg•mL , provided by an array of three light emitting diodes. The pulse duration was 2 s. To monitor Chl a fluorescence transients, aliquots of dark adapted thylakoids were placed by gravity on filter paper with a dot-blot apparatus (Bio-Rad, United States) to ensure a homogeneous and reproducible distribution of thylakoids on the surface, then the filter paper were dipped immediately in 3 mL of electron transport medium with the tested sample.
Results and Discussion
Chlorophyll a fluorescence of PSII measurements
To find the interaction sites of the extracts at PSII level, fluorescence of Chl a was measured on freshly lysed spinach chloroplasts incubated for 5 min in the dark at room temperature. Control chloroplast contained the amount of DMSO used for each treatment, the treated chloroplasts contained 100 μg•mL −1 of each crude sample (ten replicates); chloroplasts incubated with Tris (0.8 mol•L −1 ) and 10 µM DCMU were used as positive controls. Chlorophyll a induction curves of thylakoids control showed an OJIP sequence similar to that previously described for plants, green algae, and cyanobacteria [39] , except for the phase IP that was in part suppressed due to the effect of MV (methylviologen) [34] .
The chloroplasts were infiltrated with DCMU, and the control samples showed almost identical F M (fluorescence level when quinone A [Q A ] is transiently fully reduced) levels ( Table 2) . However, the F M level of treated (Table 3) were normalized, and the difference between the treated and control normalized transients revealed an increase in intensity between 2 and 4 ms appearing a J-band in the presence of the extracts from P. sagittalis (P1Rt-Hex, P1Rt-EtA, P1Rt-Met, P1Lv-Hex, P1Lv-EtA and P1Lv-Met). The J-band (Figure 1, panels A and B) provides information about single turnover events of the primary reactions of the photochemistry, mainly Q A reduction, suggesting that the electron transport beyond Q A is blocked at the Q B level as DCMU does, indicating these samples contain substances that interact at this site and the unused energy is dissipated as heat [35] .
On the other hand, the addition of 0.8 mol•L −1 Tris, pH 8.0, a well-known donor site inhibitor of PSII [36] , resulted in the formation of a K-band followed by a dip; the K step arises when the electron flow to the acceptor side exceeds the electron flow from the donor side [37] . The K-band appears clearly and consists of a rapid rise to a maximum at 300 µs followed by a decrease to a level close to F 0 (Figure 2(a) ). The other steps, J and I, are absent from the transient, as is shown by heat-treated samples [40] , conditions in which the electron flow from P 680 to Q A results in the formation of the K-band. The fast initial fluorescence rise is due to the reduction of Q A followed by the reduction of P + 680 by Z without the direct participation of the OEC. The subsequent reduction in fluorescence yield apparently results from the opening of the reaction center by reoxidation of Q A and/or accumulation of P + 680 , both of which are effective fluorescence quenchers [37] . Furthermore, the analysis of the Chl a fluorescence transient in this work indicates that the water-splitting enzyme was blocked by the extracts P2Lv-Hex, P2Lv-EtA, P2Lv-Met, P3Lv-Hex, P3Lv-EtA and P3Lv-Met. Table 3 . Derived parameters, their description and formula using data extracted from the Chl a fluorescence (OJIP) transients. These observations have been confirmed by the analysis of Figure 2(b) . Chlorophyll a fluorescence is an intrinsic evidence of the photosynthetic system and the intensity of the fluorescence is a direct measure of the PS II activity. From the kinetics data of the fluorescence curve measured after treatment on chloroplasts and compared with the control, several parameters were calculated and plotted as a radar graph, a circular graphic with a series of spokes or rays projecting from a central point, with each ray label representing a different variable (Figure 2(b) ). Data values were normalized to a common specific range or percentile values. The radar shows the parameters [35] affected by the evaluated extracts. When the extracts from B. brizantha (P3Lv-Hex, P3Lv-EtA and P3Lv-Met) have been evaluated at 100 μg•mL −1 , PI (abs), performance index, decreased from 10 to 80%. The same parameter was less affected in the presence of the samples from C. palmata (P2Lv-Hex, P2Lv-EtA and P2Lv-Met) in a range between 10% to 50%.
On the other hand, under the presence of B. brizantha extracts we observed an increase of some parameters: 10% -20% of absorption per reaction center (ABS/RC); up to 50% of the quantum yield for energy dissipation PHI (Do), and the indicator of the water splitting enzyme function (dV/dto) were 40% -60% at 100 μg•mL −1 . Furthermore, the ethyl acetate and methanol extracts from this plant have caused a decrease of 25% on the electron transport per cross section (ETo/CSo) and the maximum quantum yield of primary photochemistry [PHI(Po)] decreased around 20% (Figure 2(b) ).
The probability that a trapped exciton moves an electron into the electron transport chain beyond Q A − (PSI0), the density of the reaction centers (RC/CSo), the trapping and the electron transport per cross section (TRo/CSo and ETo/CSo) decreased both of them around 10% and 50%. These observations suggested that some PSII RCs were transformed to "heat sinks" or "silent reaction centers"; these centers can neither reduce Q A and their excitation energy is dissipated as heat [35] , this is the reason why PHI(Do) values increased in some cases up to 150%, in the presence of the B. brizantha extracts.
In a similar behavior of some samples assayed here, many natural products also have presented a transient J-band (Figure 1(a) ), like the alkaloids 1,3,5-trihydroxy-10-methyl-2,8-bis(3-methylbut-2-en-1-yl)-9(10H)-acridinone, (2R)-2-tert-butyl-3,10-dihydro-4,9-dihydroxy-11-methoxy-10-methylfuro-[3,2-b]acridin-5(2H)-one, (3R)-2,3,4,7-tetrahydro-3,5,8-trihydroxy-6-methoxy-2,2,7-trimethyl-12H-pyrano[2,3-a]acridin-12-one [41] and evolitrine [35] . On the other hand, specialized metabolites like labdane-8a,15-diol [42] and citrusinine-I [41] indicated clearly the appearance of a K-band (Figure 2(a) ).
Conclusion
Our data showed that the evaluated extracts have a great in vitro potential of inhibition on both sides of the photosystem II light reactions, once most of them have presented effect on photosynthesis under moderate concentrations (100 μg•mL −1 ). Based on these results we can show to the scientific community how powerful and sensitive the fluorescence of ChL a technique can be. Therefore, the main goal of our study is the use of dereplication of natural products approaches to isolate natural products from the active extracts to obtain models for herbicides, and then it is suggested that specialized metabolites from plants or microorganisms still can be employed on programs to discover good candidates of new lead molecules in the near future.
